Abstract. This article introduces the design principles of serious games for chronic patients based on behavioral models. First, key features of the targeted chronic condition (Diabetes) are explained. Then, the role of psychological behavioral models in the management of chronic conditions is covered. After a short review of the existing health focused games, two recent health games that are developed based on behavioral models are overviewed in more detail. Furthermore, design principles and usability issues regarding the creation of these health games are discussed. Finally, the authors conclude that designing healthcare games based on behavioral models can increase the usability of the game in order to improve the effectiveness of the game's desired healthcare outcomes.
Introduction

Diabetes
The paper argues for the use of serious gaming as a leverage to help adolescents cope with the consequences of Type 1 Diabetes (T1D) and Type 2 Diabetes (T2D). Hypoglycemia is a form of low blood glucose that occurs in diabetic patients and has the potential to be severe and cause fatal accidents. Proper patient behavior is crucial for long term management of diabetes and prevention of its complications. Behavioral models in healthcare, such as the Health Belief Model, are increasingly viewed as being useful to improve the behavior of patients with such chronic conditions as diabetes. While traditional patient empowerment methods can be helpful in achieving higher compliance, adolescents need a much higher level of motivation. The increase of adolescents acquiring T2D [1] has led to pediatricians increasingly looking to disseminating health risk information and healthcare messages directly to adolescents through cell phones, videogames, and Websites. This is because adolescents are heavy users of media technologies that are rich in content and easy to deliver, with information presented in formats that are both highly entertaining and highly interactive. For example, there is substantial anecdotal evidence from healthcare providers that they must compete with computers, games, and social networking sites (e.g., Facebook © and MySpace © ) for their young patients' attention. For this reason, the National Institute of Diabetes, Digestive and Kidney Diseases has funded the development and distribution of game like "Escape from Diab" and "Nanoswarm" as part of a national study to determine if school age children can be motivated to improve their eating and exercise habits [2] [3]. Other researchers are experimenting with healthcare messages delivered through iPods, MP3 players, and other audiocentric devices.
Real challenges, however, include the fact that health professionals tend to see the "production of multimedia teaching tools as important, but have difficulty identifying funds for development. The market for such tools has yet to become clear. Insurance companies have occasionally reimbursed for patient education, but have not traditionally developed the educational tools themselves." [4] .
At the same time, there is a "serious gaming" movement with a substantial community interested in health-related game design and development. While there is almost universal agreement that engaging formats have a better chance of gaining attention, conclusive evidence is limited as to whether they actually change behavior. For example, a study of two highly interactive health Websites suggested that challenging interactivity can significantly affect comprehension and attitudes toward health Websites [5] . Moreover, serious games that both challenge and educate have shown preliminary results that suggest that they are effective in increasing compliance in diabetes treatment [6] . However developers of serious games for healthcare must understand the implications of new media as a complex domain that includes gaming technologies, usability engineering, and gaming and learning theory. As Winn (2008) suggests [7] , "Designing effective, engaging serious games requires theoretical understanding of learning, cognition, emotion, and play". The authors argue that serious games should be assessed as useful tools to increase compliance to diabetes treatment and benefits to the effects of preventing hypoglycemia while driving.
Behavioral Models
The Health Belief Model (HBM) HBM was originally conceived in 1952 as a systematic method to identify, explain, and predict preventive health behavior; it is regarded as the genesis of systematic and theory-based research in health behavior [8][9] . The model helped researchers to focus on the relationship between health behaviors, related practices, as well as the utilization of health services. HBM outlines that an individual's intention to engage in a health behavior is determined by general health values, specific health beliefs about vulnerability to a particular health threat, and beliefs about the consequences of the health problem. HBM can be used to evaluate or influence an individual's behavioral changes in regard to a particular health condition (Fig. 1) .
The importance of this model relies in the fact that the key factors that are thought to influence behavior are modifiable through intervention. It includes knowledge about the condition, but maintains that knowledge alone is insufficient to change behaviors. This is in contrast to other theories that explain behaviors solely by means of non-modifiable factors such as age, race/ethnicity, socioeconomic status or factors that are very difficult to change such as psychopathology.
